Large, one-time investments in green energy installations effectively reduce domestic energy use and greenhouse gas emissions. Despite long-term economic benefits for households, the rate of green investments often remains moderate unless supported by financial subsidies. Beyond financial considerations, green investments may also be driven by individual psychological factors. The current study uses data from the German Socio-Economic Panel (N = 3,468) to analyse whether the household decision to invest in green energy installations is linked to the Big Five personality traits. Personality traits and domestic investments in solar and other alternative energy systems had weak indirect associations through environmental concern but not through risk preferences. Openness to Experience and Neuroticism showed a weak positive relationship with green energy installations through the environmental concern channel, whereas Extraversion had a weak negative link. Based on these findings, persuasive messaging for green investments may be more effective when it focuses on environmental concern rather than reduced risk in countries like Germany, where long-standing financial subsidies decreased the risk in green investments.
Introduction
In Germany, households accounted for a quarter of all energy use in 2015, and most energy for residential use was generated from fossil fuels (Umwelt Bundesamt, 2017) . Population growth, an increasing number of one-person households, and tendency towards bigger living spaces are expected to further increase household energy consumption. Investments in household green energy systems such as solar panels are a potent method for mitigating energy use and fossil fuel consumption. These investments are also profitable in the long term, but the uptake of green and energy-efficient household installations seems to be below of what would be optimal (Allcott & Greenstone, 2012; Hirst & Brown, 1990; Jaffe & Stavins, 1994) .
A large literature explains the gap between the economic incentives of green energy installations and lack of behaviour by detailing market failures, including unpriced environmental externalities and lack of information (Allcott & Greenstone, 2012; Gerarden, Newell, & Stavins, 2015) . In addition to economic forces, previous literature suggests that green decisions are also related to psychological factors that should be included in green decision-making models (Stern, Janda, et al., 2016) . A number of studies found evidence that personality traits are associated with pro-environmental habits such as recycling, using public transportation and conserving energy (Brick & Lewis, 2016; Markowitz, Goldberg, Ashton, & Lee, 2012; Milfont & Sibley, 2012) . Despite the importance of personality in pro-environmental behaviours, there is little evidence whether any personality traits are associated with highcost green investments. Green investments are rare and costly, unlike pro-environmental habits. Therefore, the causes of green investments may be distinct from low-cost habits.
The article represents two main advances. First, unlike most previous work in this area, it uses large-scale, nationally representative survey data to rigorously model associations with investments in green energy. Second, we present the first study of how personality traits are linked to domestic green investments in Germany, which enacted early and large financial subsidies for generating electricity from renewable energy resources. energy or energy efficiency is linked to heterogeneity in demographics, preferences and habits (Gerarden et al., 2015) . The adoption of green installations is associated with education and age (Hamilton et al., 2014; Mills & Schleich, 2012) , differences in discounting behaviour (Newell & Siikamäki, 2014) and pro-environmental habits (e.g. energy and water conservation) (Ramos, Labandeira, & Löschel, 2015) . We extend these findings to green household installations by focusing on personality trait differences.
Personality traits are one possibility to differentiate between individuals since they represent "consistent patterns of thoughts, feelings, or actions that distinguish people from one another" (Johnson, 1997) . They can guide life outcomes in health, relationships, social status (Caspi, Roberts, & Shiner, 2005) and economic outcomes including employment status, income and household allocation of wealth (Brown & Taylor, 2014; Fletcher, 2013; Gherzi, Egan, Stewart, Haisley, & Ayton, 2014) .
A widely used taxonomy for measuring personality traits is the "Big Five", which describes five dimensions of traits: Openness to Experience, Conscientiousness, Extraversion, Agreeableness and Neuroticism (John & Srivastava, 1999) . Openness to Experience is characterised by flexible, abstract thinking and an appreciation for aesthetics. Conscientiousness represents diligence, planning and a sense of duty. Extraversion is energetic engagement with a diversity of activities including social interaction. Agreeableness is valuing interpersonal harmony, and Neuroticism is the tendency to experience negative emotions such as anxiety and sadness. Openness and Conscientiousness are the Big Five personality factors that appear most associated with pro-environmental behaviour (Hirsh, 2010) . However, most previous research focused on low-cost behaviours or combined low-and high-cost behaviours, and most environmental psychology research has been restricted to the United States (Gifford & Nilsson, 2014) . It is unknown whether personality is related to expensive green installations, or whether those effects generalise outside of the United States.
The only study of personality traits on expensive and infrequent green investments was reported by BusicSontic, Czap and Fuerst (2017) . They found mediating effects of the Big Five traits through risk preferences and environmental concern on domestic solar and wind energy system installations in the UK. Openness and Extraversion were positively associated with the probability of adopting the systems through risk preferences, whereas Agreeableness and Neuroticism showed a negative link. Openness and Extraversion further showed a positive correlation with green installations as mediated through environmental concern.
Cross-cultural research is necessary to build accurate models of environmental attitudes and behaviour. The current study extends previous findings from the UK (Busic-Sontic et al., 2017) to a nationally representative household sample in Germany. Germany is distinct from the UK in part due to high green energy system penetration, particularly of solar panel installations. In 1991, Germany was also the first country where the government offered fixed-unit prices for selling electricity from alternative energy resources to the grid (Bundesgesetzblatt, 1990) ; the UK only initiated a similar scheme in 2010 (DECC, 2015) . Identifying behavioural differences in such different settings could help inform interventions (e.g. public messaging) aimed at increasing green household installations. In markets similar to Germany with a long history of policy programmes to boost green household installations, psychological factors such as personality traits might be less associated with behaviour compared to countries that introduced similar programmes later (e.g. the UK).
Mediation of Big Five personality traits
We predict green investment decisions using an agent-based model (Busic-Sontic et al., 2017) . The model describes energy efficiency and green investment outcomes from the individual point of view and tests whether each of the Big Five traits relates to the decision to invest in green energy installations directly and indirectly through risk preferences and environmental concern (see Figure 1) .
Investing in relatively uncommon green technology such as solar panels involves uncertainty and risk. These installations cannot easily be removed, the technology can be new and unfamiliar, and the effectiveness and profitability of the installation are uncertain (Epper, FehrDuda, & Schubert, 2011; Linares & Labandeira, 2010; Ryan, Selmet, & Aasrud, 2012) . Households might further require a loan to finance the installation, resulting in a loss of financial self-control. Higher preferences for risk should therefore facilitate the decision to adopt green energy technology.
Pro-environmental attitudes and environmental concern also facilitate pro-environmental decisions (Stern, 1999) . For example, even if a green technology investment has a lower expected profitability compared to a stock purchase, pro-environmental attitudes may motivate the green investment.
Below, we summarise the existing evidence for associations of the Big Five traits with risk preferences and environmental concern, and then provide our hypotheses. 
Openness to Experience (O). Individuals high on O tend
to be open-minded. This includes a readiness to question one's values and those of the authorities, and this requires an ability to confront uncertain situations and oppose the status quo. Open individuals also take more risks (Brown & Taylor, 2014; Lee, Deck, Reyes, & Rosen, 2008; Nicholson, Soane, Fenton-O'Creevy, Mark, & Willman, 2005) . These characteristics suggest that high-O individuals may be more likely to recognise and be concerned about adverse climate change, and this is consistent with findings that O is positively associated with environmental concern (Brick & Lewis, 2016; Hilbig, Zettler, Moshagen, & Heydasch, 2013; Markowitz et al., 2012) .
Conscientiousness (C). C is associated with self-discipline, striving for achievement and belief in one's competence. Conscientious individuals are less likely to take on debts (Lee et al., 2008) or take other financial risks (Nicholson et al., 2005) , perhaps because of losing financial self-control. High C is positively associated with environmental concern (Hilbig et al., 2013; Hirsh, 2010; Markowitz et al., 2012) . This relationship can be attributed to the tendency of conscientious people to act dutifully, including in the environmental context by striving to act consistently with pro-environmental values (Swami, Chamorro-Premuzic, Snelgar, & Furnham, 2010) .
Extraversion (E). Individuals high on E tend to be assertive, energetic, optimistic and more tolerant of risk (Lee et al., 2008; Nicholson et al., 2005) . E is unrelated or weakly related to environmental concern (Hirsh, 2010; Markowitz et al., 2012) .
Agreeableness (A). Agreeable people are more likely to care about others and to cooperate, whereas individuals low in A are more egocentric, self-centred and are more willing to take risks. Low-A risk-taking appears related to overconfidence (Borghans, Heckman, Golsteyn, & Meijers, 2009; Lee et al., 2008; Nicholson et al., 2005) .
Agreeable people consider how their behaviours affect other people, and therefore high-A individuals might also care more about environmental damage. Pro-environmental attitudes and behaviour are not only beneficial for the environment but also may improve the living conditions of others. Consistent with this view, high A is positively related to environmental concern (Hirsh, 2010; Swami et al., 2010) .
Neuroticism (N).
People high on N try to avoid situations where outcomes are uncertain, whereas individuals low on N are more confident, resilient, and become less anxious or upset in stressful situations. High-N individuals prefer lower risk (Borghans et al., 2009; Lee et al., 2008; Nicholson et al., 2005) . The relationship between N and environmental concern is less clear: results include zero, negative and positive relationships (Brick & Lewis, 2016; Hirsh, 2010; Markowitz et al., 2012) .
Based on the above evidence, we settled the following hypotheses prior to data analysis for how each trait would be associated with risk preferences, environmental concern and green household installations: H 1R : Openness to Experience (O) will be positively related to green investments through a positive association between O and risk preferences.
H 2R : Conscientiousness (C) will be negatively related to green investments through a negative association between C and risk preferences. H 3R : Extraversion (E) will be positively related to green investments through a positive association between E and risk preferences. H 4R : Agreeableness (A) will be negatively related to green investments through a negative association between A and risk preferences. H 5R : Neuroticism (N) will be negatively related to green investments through a negative association between N and risk preferences. H 1EC : Openness to Experience (O) will be positively related to green investments through a positive association between O and environmental concern. H 2EC : Conscientiousness (C) will be positively related to green investments through a positive association between C and environmental concern. H 3EC : Extraversion (E) will have no association with green investments through environmental concern. H 4EC : Agreeableness (A) will be positively related to green investments through a positive association between A and environmental concern. H 5EC : Neuroticism (N) will have no association with green investments through environmental concern.
Methods
We report how we determined our sample size, all data exclusions and all measures in the study. We tested the hypotheses with the German Socio-Economic Panel study (SOEP), an annual and geographically representative survey of 12,000 German households that gathers sociodemographic, financial and other household information (SOEP, 2014; Wagner, Frick, & Schupp, 2007) . All items were translated from German by the SOEP.
Solar energy and other alternative systems. The dependent variable was whether households had a solar energy or other alternative energy installation in 2013. Only homeowners were included because renters often lack the control and incentives for major building upgrades.
Personality traits. The survey measured the Big Five personality traits for the head of household and separately for their partner: Openness to Experience (O), Conscientiousness (C), Extraversion (E), Agreeableness (A) and Neuroticism (N). 465 partner households did not contain partner information and were therefore excluded prior to the analysis.
Comprehensive panel data studies as the German SOEP often face a trade-off between presenting longer and more sophisticated questionnaires and collecting lower quality information due to refusal to participate or careless responses. Brief measures of personality traits are applied due to their ease of use but they can underestimate the relationships between personality traits and behaviour compared to the longer measures (Credé, Harms, Niehorster, & Gaye-Valentine, 2012) . The personality traits in this study were assessed by self-report questionnaire using a 15-item version of the Big Five Inventory (BFI-S) based on the original 44-item Big Five Inventory (Hahn, Gottschling, & Spinath, 2012) . Participants rated the statements on a 7-point Likert-type scale ranging from 1 (does not apply to me at all) to 7 (applies to me perfectly). Three items assessed each personality trait, and the internal consistency of the measures was poor (Cronbach's α = .61, .58, .66, .49, .64, for Openness to Experience, Conscientiousness, Extraversion, Agreeableness and Neuroticism, respectively).
The survey included an item measuring whether the respondent or their partner had the last word in household financial decisions. We used the trait ratings from the person with the last word, and in the case of the respondent saying both people were equally involved in decisions, we averaged the traits of the respondent and partner (last-word model). Averaging personality traits as a method to map individual-level variables to household outcomes was similarly used in previous studies (e.g. Brown & Taylor, 2014) . To test the robustness of the lastword model, we ran a second analysis assuming that partners in all non-individual households have equal word in the decisions by averaging the traits of the respondent and partner for all households (collective model).
Risk preferences. Individuals were asked one question about their personal willingness to take risks: "How do you see yourself: are you generally a person who is fully prepared to take risks or do you try to avoid taking risks?" Respondents rated their willingness on a 11-point Likerttype scale ranging from 0 (not at all willing to take risks) to 10 (very willing to take risks).
Environmental concern. Environmental concern was measured with one item: "What is your attitude toward environmental protection? Are you concerned about it?" Participants responded on a 3-point Likert-type scale of 1 (very concerned), 2 (somewhat concerned), or 3 (not concerned at all). We reversed the answers to create a measure with higher scores indicating greater environmental concern.
Control variables. Based on known covariates for household energy use in the green investment literature, we controlled for age, education, gender, number of children in a household and household income per member. Households with younger and more educated members are more likely to adopt energy-efficient technology (household appliances such as refrigerators and dish washers) (Mills & Schleich, 2012) , possibly because of the longer return period of energy savings for younger members and better ability to predict future operational costs by more educated individuals (Di Maria, Ferreira, & Lazarova, 2010) . Women report more proenvironmental behaviour than men (Zelezny, Chua, & Aldrich, 2000) . The number of children in a household and income are positively associated with adopting energy efficiency measures, perhaps because of the higher energy and comfort necessities of households with children and higher costs of energy-efficient technology, respectively (Ramos et al., 2015) .
We also controlled for the type of building and different solar irradiance levels across Germany by taking the annual sunshine duration for each state averaged from 1980-2013, provided by the Deutscher Wetterdienst (DWD, 2017). Buildings with multiple housing units or unfavourable roof conditions (e.g. high-rise) and shorter sunshine durations might impede green investments such as solar panel installations. Table 1 presents the summary statistics for the last-word model. There were no meaningful differences between the last-word and collective model, mainly because 83% of partner households responded that both partners have equal say in financial decisions (see Table A .1 in Appendix A).
The Pearson correlations between the variables are presented in Table 2 . Except for a weak negative correlation with Extraversion and Agreeableness, the coefficients did not suggest associations between green investment and the Big Five personality traits. The second column shows that building type had the strongest association with behaviour, such that buildings with more housing units reported less green investment.
Next, we ran a multiple mediator bootstrapping model according to Preacher and Hayes (2008) using Structural Equation Modelling (SEM) (see Figure 1) . For each household, the total effect of personality trait X j on green investment was decomposed into the direct effect c' j and the indirect effects of X j on green investment via the mediators of risk preference and environmental concern, with j representing Openness to Experience, Conscientiousness, Extraversion, Agreeableness and Neuroticism. The coefficients a 1j and a 2j describe the effects of personality trait X j on the mediators, whereas paths b 1 and b 2 represent the effects of the mediators on green investment, respectively. The five personality traits were entered jointly into the equation system together with the control variables.
Because green investment is a binary outcome, the standard assumption in SEM of joint normality of the observed variables does not apply. By using maximum likelihood, the coefficients were therefore estimated conditional on the explanatory variables as given, without assuming normally distributed variables (StataCorp, 2015) .
Similarly, not assuming any specific distributions of the estimated coefficients we tested for significance of the coefficients by applying bootstrapped confidence intervals with 5,000 replications (Preacher & Hayes, 2008) . We used standardised values for the personality traits, risk preferences, environmental concern and the control variables to allow easier comparison of the path coefficients since the observations had different scales. The analysis scripts (Stata) are available at https://osf.io/ ra9ew.
Results
The mediation effects of the Big Five personality traits on household green installations in Germany are presented in Table 3 .
In this setting, there was no evidence that Big Five traits were linked to installation behaviour mediated by risk preferences. As seen in column two of Table 4 , this lack of effects was likely due to the absence of association between risk preferences and green investments, even though the Big Five had associations with risk preferences (see column three). However, environmental concern was positively associated with green investments. In the environmental concern channel, high Openness and high Neuroticism households were more likely to have invested in green energy systems, whereas high Extraversion households were less likely to have invested (see Table 3 ). All three mediation effects were very small.
The control variables were all associated with installation behaviour except income (see Table 4 ). More children in a household, being male, higher education and a warmer region were positively linked to the probability of green investments, while age and building type were negatively related. Buildings with more dwelling units (e.g. highrise) were less likely to have green installations, possibly because more parties are involved in the decision.
The robustness check of the collective model showed a comparable pattern. No significant effects were revealed through the risk preference channel (see Table A .2 in Appendix A). Regarding the environmental concern channel, the effects of Openness to Experience, Extraversion and Neuroticism were again significant and in the same respective directions.
Discussion and policy implications
The goal of this study was to investigate the relationships between personality traits and costly green investments in Germany. Overall, the analyses revealed weak associations between the Big Five personality traits and green investments through environmental concern. Compared to the considerably stronger effects of the control variables, the results suggest that personality (as measured by a brief inventory of the Big Five) is not important for who invests in high-cost green installations in Germany.
In contrast to results from UK households (Busic-Sontic et al., 2017) , the current study found no mediation of the Big Five on green investments through risk preferences. The two countries' policy landscapes for renewable energy may help explain the difference. In 1991, Germany introduced the first feed-in tariff (FIT) scheme for green electricity in the world (Bundesgesetzblatt, 1990) , which was later replaced and extended with a series of Renewable Energy Source Acts (Bundesgesetzblatt, 2000) . The programmes, some of which guarantee FIT payments for up to 20 years, reduced the risks of green energy investments to households. This reduction in risk may have caused individual differences in risk preferences to be less associated with green energy investment decisions. The UK government, on the other hand, introduced a similar FIT scheme only in April 2010 (DECC, 2015) . Because of the relatively late launch of the UK scheme compared to Germany, risk considerations in green investment decisions may be of greater importance in the UK, which could result in fewer households with low risk preferences making these investments. That is, the longer-lasting subsidy programme in Germany may have decoupled the associations between green investment and personality traits through risk preferences.
Openness and Extraversion were mediated through environmental concern, consistent with the UK results. The positive link between Openness and green investment through the environmental concern channel is supported Agreeableness, e Neuroticism.
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Art. 8, page 7 of 11 by previous findings that found consistent positive relationships between Openness and environmental concern (Hilbig et al., 2013; Hirsh, 2010; Markowitz et al., 2012) . The negative effect of Extraversion through environmental concern was contrary to a previous finding that extraverted individuals performed more daily proenvironmental behaviours in the United States (strong direct and weak indirect effects) (Brick & Lewis, 2016) . The current study has a larger and representative sample and therefore may reveal a more reliable estimate. Also, cultural differences may explain a weaker link in Germany compared to the United States in how environmental concern drives pro-environmental behaviour, because the association between pro-environmental concern and behaviours varies widely between countries and is highest in the US (Eom, Kim, Sherman, & Ishii, 2016) . Another possible explanation is that introverted individuals are more receptive specifically to large-scale green investments suggested by governments because these individuals are more submissive. In contrast to the UK data, Neuroticism was positively associated with green investment through the environmental concern channel, possibly because individuals high on Neuroticism perceive more threat from climate change (Milfont, Milojev, Greaves, & Sibley, 2015) .
The effects of the Big Five traits through the environmental concern channel were smaller in Germany than in the UK. This finding may reflect a restricted association between personality and green investment because of the heavy financial subsidy programmes.
In countries at mature stages of green technology diffusion such as Germany, our results suggest that policy programmes might increase their effectiveness by engaging with individuals through the environmental concern Note: This table presents the mediation effects through risk preference (R), environmental concern (EC) and the direct and total effects in log-odds for each personality trait on solar energy and other alternative energy systems (N = 3,468). Bias-corrected 95% confidence intervals from 5,000 bootstrap samples are reported under each of the effects. Note: a Log-odds, *p < .10, **p < .05, ***p < .01.
rather than risk preference channel. For individuals high on Neuroticism, for example, stressing the adverse impacts of climate change through environmental concern could result in more green investment than highlighting financial gains. Messaging that targets risk preferences might be only effective at the beginning of the diffusion of green technologies when risks are high. One cost-saving possibility is to reduce large financial subsidies, such as the FIT, and instead offer alternative risk reductions schemes, such as risk-sharing contracts between government and households. For example, opportunity costs due to decreasing energy prices of conventional energy resources (e.g. fossil fuels) could be shared through payments by governments to households depending on the energy price reductions. The extensive portfolio of a government allows diversification and hedging of the energy price risk so that such subsidies would cost national budgets less than predetermined fixed payments. Individuals might also be directed towards green investments by interventions to change personality. Despite the common idea that personality traits are fixed, there is increasing evidence suggesting that personality traits can change, especially in certain periods of life (Hill, Turiano, Mroczek, & Roberts, 2012; Mõttus, Johnson, & Deary, 2012; Roberts, Walton, & Viechtbauer, 2006) . Roberts et al. (2017) observed in a meta-analysis of clinical and nonclinical interventions that social skills training and cognitive-behavioural therapy, among other interventions, can cause lasting changes in some personality traits. This finding could suggest a route to change people's behaviour towards green outcomes by targeting the development of personality traits during specific life periods. To illustrate, programmes to improve cognitive functions (e.g. inductive reasoning) were found to increase Openness to Experience for older populations (Jackson, Hill, Payne, Roberts, & Stine-Morrow, 2012) . Since Openness to Experience tends to decrease in old age (Roberts et al., 2006) , such interventions could potentially increase the motivation for green behaviour in the elderly.
Limitations and future research
There are several design aspects that may have contributed to the small effect sizes for personality. First, the survey in this study used brief measures of personality traits and mediators. When time and resources are limited, personality researchers are often confronted with the choice between a brief or no measure of personality at all (Gosling, Rentfrow, & Swann, 2003) . For example, the longest instrument of the Big Five with 240 items (Costa & MacCrae, 1992) takes approximately 45 minutes to complete and is possibly impractical for surveys with multiple focuses, such as panel studies.
The brief 15-item version of the Big Five Inventory in this study revealed a low reliability of the personality trait dimensions as assessed by Cronbach's alphas. Because low score reliabilities may obscure true relationships (Credé et al., 2012) , the short personality inventory might be a reason for the weak link found between personality traits and green investments. Futures studies could use more items per trait to assess whether the weak associations are indeed related to reliability and validity issues of the personality measures, or instead to the presumption that historically large subsidies for green installations in Germany (particularly solar panels) may have obscured more subtle associations with personality.
Similarly, the validity of the single-item measures of risk preference and environmental concern could be improved by the use of multiple items, which could reduce measurement error and therefore increase the validity of the variables (Credé et al., 2012) . This would also allow to test for internal consistency of reliability of these measures which cannot be computed with singleitem scales.
Second, inferring longitudinal processes from this crosssectional survey data should be done with caution. The cross-sectional design of the mediation analysis fails to account for causation that may occur throughout time and prior measures of time-varying variables may well have an impact in later periods (Maxwell, Cole, & Mitchell, 2011) . The effects of mediators such as risk preference and environmental concern may not unfold immediately on green investments. Because the cross-sectional mediation estimates do not account for time-dependent impacts, they may be biased estimates of longitudinal parameters and should not be taken as indicators for longitudinal mediation (Maxwell & Cole, 2007; Maxwell et al., 2011) . Future work might assess whether a longitudinal mediation model is feasible with a binary outcome that is generally not reversed, such as solar panel installation.
Finally, personality traits are only one way to test for individual differences. Other factors excluded from this report such as personal values and norms may also be linked to green investments (Jansson, Marell, & Nordlund, 2010; Mirosa, Lawson, & Gnoth, 2013) .
Conclusion
This work furthers the understanding of how personality traits relate to green household installations by using a nationally representative sample in Germany and measuring one-time, difficult actions that reduce environmental impact. Expensive household installations likely have different causes than the recurring, lowcost pro-environmental behaviours that are typically studied. The results suggest a weak positive mediation of Openness to Experience and Neuroticism and a weak negative mediation of Extraversion on green investment, both meditated through environmental concern. Given the small magnitude of the observed mediation effects and Germany's historically large subsidies for green installations, future studies might investigate the sensitivity of personality trait effects to financial subsidies throughout time, and include other beliefs, preferences, or motivations that may drive green household investments.
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